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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact high- 
performance zoom lens constituted of a small number of 
elements and having a short depth. 
SOLUTION: The zoom lens is constituted of a 1st fixed 
lens group 1 having a positive refractive power, a 2nd 
lens group 2 having a negative refractive power and 
moving on an optical axis so as to vary the power, a 3rd 
fixed lens group 3 having a positive refractive power and 
a 4th lens group 4 having a positive refractive power and 
moving on the optical axis so as to keep an image field 
which is shifted due to the variable power or a change in 
an object distance in a fixed position, these groups are 
arranged in this order from the object side to the image 
field side. The 3rd lens group 3 is constituted of a prism 
TP whose convex faces the object side and which is 
provide with an incident surface having a curved surface 
of a prescribed curvature, an optical path converting 
surface for bending the optical path of the incident light 
made incident from the incident surface in a nearly 

vertical direction, and an exit surface facing the image field side, and a prism work and a 
refraction work are unified. 
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v * NOTICES * 

Japan Patent Offic is n t r sponsibl for any 
damages caused by th use of this trans I at i n. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st lens group which is characterized by providing the following, which has been 
arranged in order toward an image surface side from the body side and which has positive 
refractive power and was fixed, The 2nd lens group which performs a variable power operation by 
having negative refractive power and moving in an optical-axis top, The zoom lens which has 
positive refractive power and was equipped with the fixed 3rd lens group and the 4th lens group 
which moves in an optical-axis top so that the image surface which has positive refractive power 
and is changed by change of variable power or the object distance may be maintained at a fixed 
position from datum level Plane of incidence which consists of a curved surface on which the 
aforementioned 3rd lens group turns a convex to a body side, and has predetermined curvature 
The optical-path conversion side which bends mostly the optical path of the light which carried 
out incidence from the aforementioned plane of incidence in the right-angled direction The 
outgoing radiation side it turned [ side ] to the image surface side 

[Claim 2] The 1st lens group which is characterized by providing the following, which has been 
arranged in order toward an image surface side from the body side and which has negative 
refractive power and can move in an optical-axis top, Have positive refractive power and it has 
the fixed 2nd lens group and positive refractive power. The zoom lens which it has the 3rd lens 
group which can move in an optical-axis top, and the air interval between the aforementioned 
1st lens group and the aforementioned 2nd lens group and the air interval between the 
aforementioned 2nd lens group and the aforementioned 3rd lens group are changed, and 
performs a variable power operation Plane of incidence which consists of a curved surface on 
which the aforementioned 2nd lens group turns a convex to a body side, and has predetermined 
curvature The optical-path conversion side which bends mostly the optical path of the light 
which carried out incidence from the aforementioned plane of incidence in the right-angled 
direction The outgoing radiation side it turned [ side ] to the image surface side 
[Claim 3] The zoom lens according to claim 1 or 2 whose plane of incidence of the 
aforementioned prism is the aspheric surface. 

[Claim 4] The zoom lens according to claim 1 or 2 with which the aforementioned prism was 
formed by plastics. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable compact for 

a video camera or a digital still camera, and a low cost zoom lens. 

[0002] 

[Description of the Prior Art] In the zoom lens for the former and video cameras The 1st lens 
group which has been arranged in order toward an image surface side as an object for high 
variable power from the body side and which has positive refractive power and was fixed, So that 
it has negative refractive power, and it may have the 2nd lens group which performs a variable 
power operation by moving in an optical-axis top, the 3rd lens group which has positive 
refractive power and was fixed, and positive refractive power and the image surface changed by 
variable power may be maintained at a fixed position from datum level Moreover, the zoom lens 
of 4 group composition equipped with the 4th lens group which moves in an optical-axis top for a 
focus is known well, moreover, a variable power ratio as a zoom lens about 2 to 3 times, and for 
low digital still cameras The zoom lens of 2 group composition equipped with the 1st lens group 
which has been arranged in order toward an image surface side from the body side and which 
has negative refractive power, and the 2nd lens group which has positive refractive power, Or 
the zoom lens of 3 group composition equipped with the 1st lens group which has been arranged 
in order toward an image surface side from the body side and which has negative refractive 
power, the 2nd lens group which has positive refractive power, and the 3rd lens group which has 
positive refractive power is known well. 

[0003] In the latest noncommercial video camera, a miniaturization progresses, the demand of 
the miniaturization to a lens is still stronger, and a compact design and the compact camera 
body are called for. Then, in order to shorten the overall length of a taking-lens system, it is 
possible to strengthen refractive power of each lens group. However, if refractive power of each 
lens group is strengthened, the fall of the optical-character ability by increase of the Petzval 
sum or increase of assembly eccentricity is caused, and it cannot be called the technology 
suitable recently for a mainstream high pixel image pck-up element. 

[0004] The technology which shortens the depth size of optical system is known by arranging 
prism and a mirror inside a lens system and on the other hand, bending 90 degrees of opticals 
axis. In JP,8-24831 8,A, the technology which shortens the depth size of optical system is 
proposed by arranging a rectangular prism in the 1st lens group, and bending 90 degrees of 
opticals axis. However, in having arranged prism in the 1 st lens group, since a lens overall length 
also becomes long and composition number of sheets moreover increases while the outer 
diameter of the 1st lens group (front ball : lens near a photographic subject) becomes large, the 
compact camera body cannot be obtained. Moreover, in JP, 10-20 191, A, a rectangular prism is 
arranged between the 3rd lens group and the 4th lens group, and the optical system which bent 
90 degrees of opticals axis is proposed. However, also in this composition, the space for 
arranging prism will be needed between the 3rd lens group and the 4th lens group like what is 
proposed in above-mentioned JP,8-248318,A, and a lens overall length will become long. 
Moreover, since prism is needed apart from a lens ball as an element which constitutes a zoom 
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lens, it becomes disadvantageous in respect of cost 
[0005] 



[Problem(s) to be Solved by the Invention] As explained above, since the lens overall lenrth a k„ 
became long and part mark of optical system which used prism for min£iSto^.^& 

m y a s nufir reover ';r ased : hile front **** became ^ * ^ *• tSSTKi f 

manufacturing cost became high 

Kr^^i e ta e °hn,!l r t 5 i ?. inventio ; ma * solve ^e aforementioned technical problem in 
the conventional technology, and there are few components and it aims at offering a comoJ* 
and highly efficient zoom lens with a short depth size g Compact 

[0007] 



[Means for Solving the Problem] In order to attain the aforementioned purpose the 1st 

power arid it has the fixed 3rd lens group and positive refractive power It is the 7 nnm l*n C 

;S; th h tHe 4tH , ' enS T UP WhiCh m ° VeS an °Ptical-axis top so hat the fmage surface 
changed by change of variable power or the object distance may be maintained at a fixed 
pos.t,on from datum level. It is characterized by being constituted by th p ,™ which has the 

side it turned [side ] to the image surface side. Since the prism which has the olan^ of 
mcdence wh.ch consists of a curved surface which turns a convex to a body side ^or the 3rd 
T P I, ede ; e : mined mature, the optical-path conversion side which bends 

[0008] Moreover the 2nd composition of the zoom lens concerning this invention The 1st len« 
which ha J been / r -nged in order toward an image surface s!de from the bod sid and 

which has negat.ve refractive power and can move in an optical-axis top Have Positive 
refract,ve power and it has the fixed 2nd .ens group and positive refract > power It has the 3rd 

SrSZt^fTT d ^ C ° nSiSting ° f af ° remen t! °- d P'ane of tidence 
of the li^ wh.Vh , ° a ! ° pt ' ca| -P ath inversion side which bends mostly the optical path 
side .t ^^UuTun^- ,n nght - an e |e d direction, and the outgoing radiatbn 

th7«™ ? i ' mage SUrfaCe S,de - Also by the 2nd composition of this zoom lens 
SoOQl M n 33 tHe 1 St com P^'t'on of the above is acquired. ' 

[0009] Moreover, ,n the 1st of the zoom lens of the aforementioned this invention or the 2nd 
composition ,t ,s desirable that the plane of incidence of the aforementioned pSmk the 

- SP fi i"' C 2 aCCOr f ng t0 th,S deS,Vable example ~ abe -tion - ^enough P " "n amendment 

rnmnl ft g& T de> 3 high,y efficient zoom ,ens ^alizable amendment 
co Jnn^° re T r ' T ° f the Z °° m ' enS ° f the aforementioned this invention or the 2nd 

composition ,t is desirable that the aforementioned prism is formed by plastics Thus if orlm k 
formed by cheap plastics, a highly efficient zoom lens is realizable by Z low cost " " 
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[Embodiments of the Invention] Hereafter, this invention is explained still more concretely using 
the gestalt of operation. 

[0012] [Gestalt of the 1st operation] drawing 1 is the plot plan showing the composition of the 
zoom lens in the gestalt of operation of the 1st of this invention. As shown in drawing 1 , the 
zoom lens in the gestalt of this operation From a body side ( drawing 1 left-hand side) to an 
image surface side (in drawing 1) It is optically constituted by equivalent monotonous glass EG 
with the 1st lens group 1 arranged in order toward the bottom bordering on the 3rd lens group 3, 
the 2nd lens group 2, drawing S, the 3rd lens group 3, the 4th lens group 4, the covering glass of 
an image pck-up element, the low pass filter, etc. 

[0013] The 1st lens group 1 has positive refractive power, and is in the state where it was fixed. 
The 2nd lens group 2 has negative refractive power, and performs a variable power operation by 
moving in an optical-axis top. The 3rd lens group 3 has positive refractive power, and is in the 
state where it was fixed. The 4th lens group 4 has positive refractive power, and it moves in an 
optical-axis top so that the image surface changed by change of variable power or the object 
distance may be maintained at a fixed position from datum level. 

[0014] The 1st lens group 1 is constituted by negative-lens 1a arranged sequentially from a body 
side, positive-lens 1b, and positive-meniscus-lens 1c which turned the convex to the body side. 
The 2nd lens group 2 is constituted by the cemented lens of negative-lens 2a arranged 
sequentially from a body side, and biconcave lens 2b and positive-lens 2c. The 3rd lens group 3 
is constituted by the prism TP which has the optical-path conversion side which bends mostly 
the optical path of the light which carried out incidence of the body side from the suitable plane 
of incidence and the aforementioned plane of incidence in the right-angled direction, and the 
outgoing radiation side it turned [ side ] to the image surface side. Here, the plane of incidence 
which constitutes Prism TP turns a convex to a body side, and consists of a curved surface 
which has predetermined curvature. The 4th lens group 4 is constituted by the cemented lens of 
negative-lens 4a and 1st positive-lens 4b which have been arranged sequentially from a body 
side, and 2nd positive-lens 4c. 

[0015] Thus, since the prism TP which has the plane of incidence which consists of a curved 
surface which turns a convex to a body side for the 3rd lens group 3, and has predetermined 
curvature in the form of this operation, the optical-path conversion side which bends mostly the 
optical path of the light which carried out incidence from the aforementioned plane of incidence 
in the right-angled direction, and the outgoing radiation side it turned [ side ] to the image 
surface side constituted, it is compact and the zoom lens of a low cost can be realized. 
Moreover, in this way, by having made the prism operation and the refraction operation unify, a 
component can be cut down and the further miniaturization can be attained. 
[0016] As for the plane of incidence (the 12th page) of the prism TP which constitutes the 3rd 
lens group 3, it is desirable that it is the aspheric surface, and it can write the aspheric surface 
configuration by the following (several 1). 
[A-one number] 

Distance from a x axis and an optical axis is made to h, r is made into the radius of curvature of 
the criteria spherical surface for x=(h2 / r)/(1+(K+1) h2 / r2)1/2+Ah4+Bh6+Ch8+Dh10, however 
the direction of an optical axis, and it is as the aspheric surface coefficients K, A, B, C, and D 
showing below (Table 1). 

[0017] thus, the thing for which plane of incidence (the 12th page) of the prism TP which 

constitutes the 3rd lens group 3 is made into the aspheric surface — aberration — enough — 

an amendment — since things are made, a highly efficient zoom lens is realizable 

[0018] The example of a concrete numeric value of the zoom lens in the gestalt of this operation 

is shown in the following (Table 1). 

[Table 1] 

= f 4.54-43.5 F/ 1.67 - F/2.42 r 1 39.814 d 1 0.863 n 1 1.80518 nu 1 25.4 r 2 19.575 d 2 4.500 n 
2 1.58913 nu 2 61.2 r 3 -74.147 d 3 0.113 r 4 15.757 d 4 2.063 n 3 1.58913 nu 3 61.2 r 5 27.569 d 
5 Adjustable r6 21.895 d 6 0.525 n 4 1.69680 nu 4 55.5 r 7 5.688 d 7 2.969 r 8 -7.571 d 8 0.525 n 
5 1.62280 nu 5 56.8 r 9 7.815 d 9 1.913 n 6 1.80518 nu 6 25.4 r10 191.722 d10 Adjustable r11 It 
extracts, dl 1 0.75 r12* 14.246 d12 6.000 n 7 1.56384 nu 7 60.8M3 Reflector d13 6.000 n 7 
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1.56384 nu 7 60.8 r14 -49.617 d14 Adjustable r15 46.152 d15 0.525 n 8 1.84666 nu 8 23 8 r16 
10.048 d16 2.588 n 9 1.58913 nu 9 61.2 r17 -24.592 d17 0.113 r18 12.281 d18 1.575n10 1 58913 
nu 10 61.2 r19 -221.637 d19 Adjustable r20 infinity d20 3.945 n1 11.51633 nu 11 64.1 r21 infinity 
Adjustable interval : [ f ] d 5 d10 d14 d19 4.54 0.602 17.218 5.032 3.750 19 5 13 041 4 778 2 381 
6.401 43.5 17.066 0.753 5.032 3.750 The 12th page aspheric surface coefficient K 0 8042 A - 
1.72753x10-4 B 4.25529x1 0-7C -4.62978x10-9 In the D-9.24292x10 -11 above (Table 1) r1, r2, 
and ... the radius of curvature of lens each side counted sequentially from the body side (mm) — 
d1, d2, and ... the thickness of each lens counted sequentially from the body side (mm), or the air 
interval between each lens — In the Abbe number and f to d line of each lens which counted the 
refractive index, nu1 and nu2, and ... to d line of each lens which counted n1, n2, and ... 
sequentially from the body side sequentially from the body side, the focal distance of the whole 
system and F/show the f number. 

[0019] The aberration performance chart in the wide angle edge (wide edge) of the zoom lens of 
the gestalt of this operation, the mid-position (normal valve position), and a tele edge (tele edge) 
is shown in drawing 2 - drawing 4 . The value [ on each drawing and as opposed to / as opposed 
to / an F line / in F ] C line in C / is shown, respectively. Moreover, in each drawing, S shows 
the sagittal curvature of field and M shows the meridional curvature of field, respectively. 
Moreover, omega (degree) shows the incidence field angle. 

[0020] According to the composition of the zoom lens in the gestalt of this operation, the small 
good optical-character ability of aberration is realizable so that clearly from these aberration 
performance charts ( drawing 2 - drawing 4 ). 

[0021] [Gestalt of the 2nd operation] drawing 5 is the plot plan showing the composition of the 
zoom lens in the gestalt of operation of the 2nd of this invention. As shown in drawing 5 , the 
zoom lens in the gestalt of this operation From a body side ( drawing 5 left-hand side) to an 
image surface side (in drawin g_5 ) It is optically constituted by equivalent monotonous glass EG 
with the 1 st lens group 5 arranged in order toward the bottom bordering on the 3rd lens group 7, 
the 2nd lens group 6, drawing S, the 3rd lens group 7, the 4th lens group 8, the covering glass of 
an image pck-up element, the low pass filter, etc. 

[0022] The 1 st lens group 5, the 2nd lens group 6, and the 3rd lens group 7 have the 
respectively same composition as the 1st lens group 1 in the gestalt of implementation of the 
above 1 st, the 2nd lens group 2, and the 3rd lens group 3, and function similarly. That is, 5a, 5b, 
and 5c are equivalent to 1a, 1b, and 1c of drawing 1 among drawing 5 , respectively, 6a, 6b, and 
6c are equivalent to 2a, 2b, and 2c of drawing 1 , respectively, and TP is equivalent to TP of 
drawing 1 . 

[0023] The 4th lens group 8 has positive refractive power, and it moves in an optical-axis top so 
that the image surface changed by change of variable power or the object distance may be 
maintained at a fixed position from datum level. This 4th lens group 8 is constituted by the 
cemented lens of 1st positive-lens 8a arranged sequentially from a body side, and 2nd positive- 
lens 8b and negative-lens 8c (composition which made reverse arrangement sequence of each 
lens of the 4th lens group 4 in the gestalt of implementation of the above 1st). 
[0024] Moreover, as for Prism TP, being formed by plastics is desirable. If Prism TP is formed by 
cheap plastics, a highly efficient zoom lens is realizable by the low cost, the following — also in 
the gestalt of the 3rd and the 4th operation, it is the same 

[0025] The example of a concrete numeric value of the zoom lens in the gestalt of this operation 
is shown in the following (Table 2). 
[Table 2] 

= f 4.49-43.2 F / 1.67 - F/2.39 r 1 40.926 d 1 0.860 n 1 1.80518 nu 1 25.5 r 2 19.573 d 2 4 500 n 
2 1.58913 nu 2 61 .2 r 3 -67.901 d 3 0.100 r 4 16.506 d 4 2.150 n 3 1.58913 nu 3 61.2 r 5 29 912 d 
5 Adjustable r6 28.699 d 6 0.525 n 4 1.69680 nu 4 55.5 r 7 6.042 d 7 2.950 r 8 -8.014 d 8 0 525 n 
5 1.62280 nu 5 56.9 r 9 7.644d 9 2.200 n 6 1.80518 nu 6 25.5 r10 101.356 d10 Adjustable r1 1 It 
extracts. d11 0.75 r1 2* 11.965 d12 6.000 n 7 1.51000 nu 7 57.0 r13 Reflector d1 3 6.000 n 7 
1.51000 nu 7 57.0 r14 -116.526 d14 Adjustable r15-52.340 d15 2.250 n 8 1.60311 nu 8 60 6 r16 - 
13.829 d16 0.120 r17 9.696 d17 2.950 n 9 1.56384 nu 9 60.8 r18 -11.104 d18 0.600 n10 
1.84666nu10 23.8 r19 -572.386 d19 Adjustable r20 infinity d20 3.945 n1 1 1.51633 nu 1 1 64 1 r21 
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infinity Adjustable interval : [ f ] d 5 d10 d14 d19 4.49 0.600 17.217 5.2303.500 19.5 13.000 4.817 
2.580 6.150 43.2 17.066 0.751 5.230 3.500 The 12th page aspheric surface coefficient K 0.5803 A 
-1.89274x10-4 B-8.68658x10-7 C-1. 12939x1 0-8 Shown meanings, such as each sign of the D 
6.66293x10 -10 above (Table 2), are the same as that of the above (Table 1). 
[0026] The aberration performance chart at the time of the quiescence in the wide angle edge 
(wide edge) of the zoom lens of the gestalt of this operation, the mid-position (normal valve 
position), and a tele edge (tele edge) is shown in drawing 6 - drawing 8 . Shown meanings, such 
as each sign of drawing 6 - drawing 8 , are the same as that of drawing 2 - drawing 4 . 
[0027] According to the zoom lens in the gestalt of this operation, it turns out like the gestalt of 
implementation of the above 1st that the small good optical-character ability of aberration is 
realizable so that clearly from these aberration performance charts ( drawing 6 - drawing 8 ). 
[0028] [Gestalt of the 3rd operation] drawing 9 is the plot plan showing the composition of the 
zoom lens in the gestalt of operation of the 3rd of this invention. As shown in drawing 9 , the 
zoom lens in the gestalt of this operation is optically constituted from the body side ( drawing 9 
left-hand side) by equivalent monotonous glass EG with the 1st lens group 9 arranged in order 
toward an image surface side (it is the bottom bordering on the 2nd lens group 10 at drawing 9 ), 
the 2nd lens group 10, the 3rd lens group 11, the covering glass of an image pck-up element, the 
low pass filter, etc. 

[0029] The 1st lens group 9 has negative refractive power, and can move in an optical-axis top. 
The 2nd lens group 10 has positive refractive power, and is in the state where it was fixed. The 
3rd lens group 1 1 has positive refractive power, and can move in an optical-axis top. And in the 
zoom lens of the form of this operation, variable power is performed the air interval between the 
1st lens group 9 and the 2nd lens group 10, and by reaching and changing the air interval 
between the 2nd lens group 10 and the 3rd lens group 1 1. 

[0030] The 1st lens group 9 is constituted by 1st negative-lens 9a arranged sequentially from a 
body side, 2nd negative-lens 9b, and positive-lens 9c. The 2nd lens group 10 is constituted by 
the prism TP which has the optical-path conversion side which bends mostly the optical path of 
the light which carried out incidence of the body side from the suitable plane of incidence and 
the aforementioned plane of incidence in the right-angled direction, and the outgoing radiation 
side it turned [ side ] to the image surface side. Here, the plane of incidence which constitutes 
Prism TP turns a convex to a body side, and consists of a curved surface which has 
predetermined curvature. The 3rd lens group 11 is constituted by 1st positive-lens 11a arranged 
sequentially from a body side, negative-lens 11b, 2nd positive-lens 1 1c, and the lid of the 3rd 
positive lens. 

[0031] As for the plane of incidence (the 7th page) of the prism TP which constitutes the 2nd 
lens group 10, it is desirable that it is the aspheric surface, and the aspheric surface 
configuration is written by the above (several 1 ). 

[0032] Moreover, as for Prism TP, being formed by plastics is desirable. 

[0033] The example of a concrete numeric value of the zoom lens in the form of this operation is 
shown in the following (Table 3). 
[Table 3] 

= f 3.75-7.40 F / 2.59 - F/3.40 r 1 12.526 d 1 0.700 n 1 1.69680 nu 1 55.5 r 2 5.496 d 2 2.350 r 3 
-859.486 d 3 0.660 n 2 1.71300 nu 2 53.9 r 4 7.078 d 4 1.085 r 5 6.865 d 5 1.800 n 3 1.84666 nu 3 
23.8 r 6 10.981 d 6 Adjustable r 7* 12.765 d 7 2.800 n 4 1.51000 nu 457.0r8 Reflector d 8 2.300 n 
4 1.51000 nu 4 57.0 r 9 0.000 d 9 Adjustable r10 5.172 d10 2.150 n 5 1.77250 nu 5 49.6 r1 1 - 
16.778 d1 10.900 r12 -6.263d12 0.535 n 6 1.80518nu 6 25.5 r13 5.378 d13 0.450 r14 61.312 d14 
1.600 n 7 1.70154 nu 7 41.2M5 -8.532 d15 0.100 r16 10.656 d16 1.600 n 8 1.74400 nu 8 44.9 r17 
16630.647 d17 Adjustable r18 infinity d18 3.200 n 9 1.51633 nu 9 64.1 r19 infinity Adjustable 
interval : [f ] d 6 d 9 d17 3.75 8.550 4.750 0.500 5.30 3.355 3.085 2.165 7.40 0.555 1.120 4.130 
The 7th page aspheric surface coefficient K 0.0000 A -2.14856x10-4 B 1.03839x10-6 C - 
1.27853x10-8 D Shown meanings, such as each sign of the 1.30570x10 -10 above (Table 3), are 
the same as that of the above (Table 1). 

[0034] The aberration performance chart in the wide angle edge (wide edge) of the zoom lens of 
the form of this operation, the mid-position (normal valve position), and a tele edge (tele edge) is 
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shown in drawin g 10 - drawing 12 . Shown meanings, such as each sign of drawin g 10 - drawing 

12 , are the same as that of drawing 2 - drawin g 4 . 

[0035] According to the zoom lens in the form of this operation, it turns out like the form of 
implementation of the above 1st that the small good optical-character ability of aberration is 
realizable so that clearly from these aberration performance charts ( drawing 10 - drawing 12 ). 
[0036] [Form of the 4th operation] drawing 13 is the plot plan showing the composition of the 
zoom lens in the form of operation of the 4th of this invention. As shown in drawing 13 , the 
zoom lens in the form of this operation is optically constituted from the body side ( drawing 13 
left-hand side) by equivalent monotonous glass EG with the 1st lens group 12 arranged in order 
toward an image surface side (it is the bottom bordering on the 2nd lens group 13 at drawing 

13 ), the 2nd lens group 13, the 3rd lens group 14, the covering glass of an image pck-up 
element, the low pass filter, etc. 

[0037] The 2nd lens group 13 and the 3rd lens group 14 have the respectively same composition 
as the 2nd lens group 10 in the gestalt of implementation of the above 3rd, and the 3rd lens 
group 1 1 , and function similarly. That is, TP is equivalent to TP of drawing 9 among drawing 13 , 
and it is equivalent to 11a, 11b, 11c, and 1 1 d of drawing 9 14a, 14b, 14c, and 14d, respectively. 
[0038] The 1st lens group 12 has negative refractive power, and can move in an optical-axis top. 
This 1st lens group 12 is constituted by 1st negative-lens 12a arranged sequentially from a body 
side, positive-lens 12b, and 2nd negative-lens 12c (composition which made reverse 
arrangement sequence of the 2nd negative lens of the 1 st lens group 9 and positive lens in the 
form of implementation of the above 3rd). 

[0039] The example of a concrete numeric value of the zoom lens in the form of this operation is 
shown in the following (Table 4). 
[Table 4] 

= f 3.74-7.25 F / 2.48 - F/3.14 r 1 15.447 d 1 0.700 n 1 1.77250 nu 1 49.6 r 2 6.236 d 2 2.355 r 3 
-18.311 d 3 1.260 n 2 1.84666 nu 2 23.8 r 4 -9.558 d 4 1.084 r 5 -9.227 d 5 0.560 n 3 1.77250 nu 
3 49.6 r 6 147.578 d 6 Adjustable r 7 1 1.370 d 7 2.800 n 4 1.51000 nu 4 57.0 r 8 Reflector d 8 
2.300 n 4 1.51000nu 4 57.0 r 9 0.000d9 Adjustable r10 5.440 d10 2.150 n 5 1.77250 nu 5 49.6 
r1 1-29.318 d11 0.898 r12 -7.133 d12 0.535 n 6 1.80518nu 6 25.5 r13 6.192 d13 0.450 r14 - 
259.635 d14 1.600 n 7 1.72000 nu 7 50.3 r15 -7.466 d150.105r16 10.973 d16 1.600 n 8 1.74400 nu 
8 44.9 r17 -85.537 d17 Adjustable r18 infinity d18 3.200 n 9 1.51633 nu 9 64.1 r19 infinity 
Adjustable interval : [ f ] d 6 d 9 d17 3.73 8.455 4.738 0.41 1 5.21 3.356 3.086 2.063 7.25 0.552 
1.123 Shown meanings, such as each sign of the 4.025 above (Table 4), are the same as that of 
the above (Table 1). 

[0040] The aberration performance chart in the wide angle edge (wide edge) of the zoom lens of 
the form of this operation, the mid-position (normal valve position), and a tele edge (tele edge) is 
shown in drawing 14 - drawing 16 . Shown meanings, such as each sign of drawing 14 - drawing 
1 6 , are the same as that of drawing 2 - drawing 4 . 

[0041] According to the zoom lens in the form of this operation, it turns out like the form of 
implementation of the above 3rd that the small good optical-character ability of aberration is 
realizable so that clearly from these aberration performance charts ( drawing 14 - drawing 1 6 ). 
[0042] 

[Effect of the Invention] As explained above, according to the zoom lens of this invention, a 
compact and highly efficient zoom lens, with a short depth size is realizable by using the prism 
which made the prism operation and the refraction operation unify. 
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* NOTICES * 

Japan Patent Office is not r sponsibl for any 
damages caus d by the us of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The plot plan showing the composition of the zoom lens in the gestalt of operation of 
the 1 st of this invention 

[Drawing 2] The aberration performance chart in the wide angle edge (wide edge) of the zoom 
lens of the gestalt of operation of the 1st of this invention 

[Drawing 3] The aberration performance chart in the mid-position (normal valve position) of the 
zoom lens of the gestalt of operation of the 1st of this invention 

[Drawing 4] The aberration performance chart in the tele edge (tele edge) of the zoom lens of 
the gestalt of operation of the 1st of this invention 

[Drawing 5] The plot plan showing the composition of the zoom lens in the gestalt of operation of 
the 2nd of this invention 

[Drawing 6] The aberration performance chart in the wide angle edge (wide edge) of the zoom 
lens of the gestalt of operation of the 2nd of this invention 

[Drawing 7] The aberration performance chart in the mid-position (normal valve position) of the 
zoom lens of the gestalt of operation of the 2nd of this invention 

[Drawing 8] The aberration performance chart in the tele edge (tele edge) of the zoom lens of 
the gestalt of operation of the 2nd of this invention 

[Drawing 9] The plot plan showing the composition of the zoom lens in the gestalt of operation of 
the 3rd of this invention 

[Drawing 10] The aberration performance chart in the wide angle edge (wide edge) of the zoom 
lens of the gestalt of operation of the 3rd of this invention 

[Drawing 1 1] The aberration performance chart in the mid-position (normal valve position) of the 
zoom lens of the gestalt of operation of the 3rd of this invention 

[Drawing 12] The aberration performance chart in the tele edge (tele edge) of the zoom lens of 
the gestalt of operation of the 3rd of this invention 

[Drawing 13] The plot plan showing the composition of the zoom lens in the gestalt of operation 
of the 4th of this invention 

[Drawing 14] The aberration performance chart in the wide angle edge (wide edge) of the zoom 
lens of the gestalt of operation of the 4th of this invention 

[Drawin g 15] The aberration performance chart in the mid-position (normal valve position) of the 
zoom lens of the gestalt of operation of the 4th of this invention 

[Drawing 1 6] The aberration performance chart in the tele edge (tele edge) of the zoom lens of 
the gestalt of operation of the 4th of this invention 
[Description of Notations] 
1; 5, 9, 12 The 1st lens group 

2, 6, 10, 13 The 2nd lens group 

3, 7, 11, 14 The 3rd lens group 

4 Eight The 4th lens group 

5 Drawing 
TP Prism 

EG It is [ the covering glass of an image pck-up element, a low pass filter, etc. and ] equivalent 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgLejje 



2003/11/26 



2/2 ^— V 



monotonous glass optically. 
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